Clusterin expression has been reported to be characteristic of systemic anaplastic large cell lymphoma and usually negative in cutaneous anaplastic large cell lymphoma as well as other lymphoma types. We surveyed clusterin expression using immunohistochemical methods in 266 cases of nonHodgkin's lymphoma and Hodgkin's disease to further assess the diagnostic utility of this marker. Clusterin immunostaining was observed in 40 of 49 (82%) systemic anaplastic large cell lymphomas and 12 of 29 (41%) cutaneous anaplastic large cell lymphomas. Clusterin also was expressed in 5 of 43 (12%) diffuse large B-cell lymphomas (4 of 5 CD30؉), 1 of 14 (7%) peripheral T-cell lymphomas, 1 of 32 (3%) cases of nodular sclerosis Hodgkin's disease, and 1 case of mycosis fungoides in large cell transformation. Clusterin was negative in all other neoplasms assessed including follicular lymphoma of all grades (n ‫؍‬ 24), mantle cell lymphoma (n ‫؍‬ 13), marginal zone B-cell lymphoma (n ‫؍‬ 12), precursor T-cell or B-cell lymphoblastic leukemia/lymphoma (n ‫؍‬ 10), mixed cellularity Hodgkin's disease (n ‫؍‬ 8), chronic lymphocytic leukemia/small lymphocytic lymphoma (n ‫؍‬ 7), Burkitt lymphoma (n ‫؍‬ 7), mycosis fungoides (n ‫؍‬ 4), nodular lymphocyte predominant Hodgkin's disease (n ‫؍‬ 3), lymphoplasmacytic lymphoma/Waldenstrom macroglobulinemia (n ‫؍‬ 2), and plasmacytoma (n ‫؍‬ 2). We conclude that clusterin is a marker of anaplastic large cell lymphoma and that addition of clusterin to antibody panels designed to distinguish systemic anaplastic large cell lymphoma from classical Hodgkin's disease is useful. However, clusterin is also positive in a substantial subset of cutaneous anaplastic large cell lymphomas, a smaller subset of diffuse large B-cell lymphomas, and rarely in cases of peripheral T-cell lymphoma and nodular sclerosis Hodgkin's disease.
Clusterin is a glycoprotein that was first isolated from ram rete testis fluid and Sertoli cell-culture medium and its name is derived from the ability of this protein to induce clustering of Sertoli cells (1, 2) . Clusterin has numerous other names, including glycoprotein III, apolipoprotein J (ApoJ), testosterone-repressed prostate message-2 (TRPM-2) and sulfated glycoprotein-2 (SGP-2). Clusterin has a molecular weight of 80 kd and is composed of two 40-kd alpha and beta subunits, joined by a unique five disulfide bond motif (3, 4) . The gene that encodes for clusterin is located on chromosome 8p21 (4 -6) .
Clusterin is highly conserved across species and has a wide tissue distribution suggesting that it has an important biological role. Numerous functions for clusterin have been proposed, including complement regulation, cell aggregation, lipid transport, and response to cell stress or injury (1, 4, 7) . Clusterin also is involved in apoptosis, reported to either protect cells from apoptosis or promote cell death in different experimental systems (8 -10) . Clusterin is found in many different body fluids (4) and is also present in most organs, primarily within epithelial cells, with the highest levels in testis, epididymis, liver, and stomach (4) . Clusterin is also expressed in different types of carcinoma including those arising in the breast, kidney, bladder, prostate, and ovary (11) (12) (13) (14) (15) .
Clusterin expression has been assessed infrequently in malignant lymphomas. Wellmann and colleagues (16) have reported that clusterin is positive in systemic anaplastic large cell lymphoma, negative in cutaneous anaplastic large cell lymphoma, and rarely expressed in other types of lymphoma. These results suggest that clusterin may be a valuable addition to antibody panels designed to distinguish systemic anaplastic large cell lymphoma from its morphologic mimics.
In this study, we surveyed clusterin expression in a large number of cases of non-Hodgkin's lymphoma and Hodgkin's disease. We show that clusterin positivity, in a cytoplasmic and paranuclear distribution, is found in most cases of systemic anaplastic large cell lymphoma, as was reported previously (16) . However, we also observed clusterin expression in approximately 40% of cutaneous anaplastic large cell lymphoma, 10% of diffuse large B-cell lymphomas, and in rare cases of peripheral T-cell lymphoma and nodular sclerosis Hodgkin's disease.
MATERIALS AND METHODS
We analyzed 266 cases of previously diagnosed non-Hodgkin's lymphoma and Hodgkin's disease from numerous body sites, including 49 cases of systemic anaplastic large cell lymphoma and 29 cases of cutaneous anaplastic large cell lymphoma. We also included seven cases of lymphomatoid papulosis as these lesions are closely related to cutaneous anaplastic large cell lymphoma (17) . The cases assessed were a mixture of biopsy specimens obtained at other hospitals and referred to our institution for review and biopsy specimens obtained at our hospital. As a result, these specimens were fixed and processed in a non-uniform manner. The diagnosis for each case was based on histologic criteria with appropriate immunohistochemical or flow cytometry immunophenotypic studies as needed. Molecular studies to assess for T-cell or B-cell clonality or for specific chromosomal translocations were performed on a small subset of cases.
Clusterin expression was assessed immunohistochemically using fixed, paraffin-embedded tissue sections and a mouse monoclonal IgG1 anti-human clusterin antibody (Upstate Biotechnology, Lake Placid, NY) that recognizes the ␣ subunit of the clusterin heterodimer. Briefly, 5 m sections were mounted on glass slides, deparaffinized, rehydrated, and then heat-induced antigen retrieval was performed as described previously (18, 19) . Endogenous peroxidase was blocked with H 2 0 2 . The slides were incubated with the clusterin antibody overnight at room temperature. Either 3-amino-9-ethyl carbazol or diaminobenzidine was used as the chromogen. Positive and negative (no primary antibody) controls were included with each run of samples.
RESULTS
Clusterin was positive in 93 of 266 (35%) lymphoid neoplasms assessed (Table 1) . For clusterin to be considered positive in this study we required cytoplasmic positivity, usually present in a paranuclear or golgi distribution. Forty of 49 (82%) cases of systemic anaplastic large cell lymphoma were positive for clusterin. The percentages of positive cells ranged from approximately 10% to over 75%, with most cases having greater than 50% positive cells with strong intensity of immunostaining (Figs. 1 and 2).
In this group, we correlated clusterin with expression other molecules that had been assessed during the diagnostic workup. Mucin 1 (MUC1, also known as epithelial membrane antigen) results were available for 44 cases. Twenty-two of 37 (60%) clusterinpositive neoplasms were positive for MUC1 compared with 1 of 7 (14%) clusterin-negative neoplasms (P ϭ .04; Fisher's exact test). No other molecules assessed correlated with clusterin. In particular, 45 systemic anaplastic large cell lymphomas were assessed for anaplastic lymphoma kinase (ALK) using the ALK-1 antibody (DAKO, Carpinteria, CA) including 36 clusterin-positive cases. Seventeen (38%) systemic anaplastic large cell lymphomas were positive for ALK: 16 of 36 (44%) clusterinpositive neoplasms and 1 of 9 (11%) clusterinnegative neoplasms (not statistically significant; Fisher's exact test). BCL-2 results were also available for 34 cases of systemic anaplastic large cell lymphoma. Thirteen of 28 (46%) clusterin-positive neoplasms were positive for BCL-2 compared with 5 of 6 (83%) clusterin-negative neoplasms (not statistically significant; Fisher's exact test).
We also assessed 29 cases of cutaneous anaplastic large cell lymphoma and clusterin was positive in 12 (41%). The number of clusterin-positive cells ranged from 5% to 20% (Fig. 3 ) in most cases and staining intensity was moderate to strong. However, a small subset of cutaneous anaplastic large cell lymphomas had numerous clusterin-positive cells, greater than 50%. Twenty-eight of 29 cutaneous anaplastic large cell lymphomas were negative for ALK. The one ALKϩ case was also positive for clusterin. Clinical and radiological examination of the patient with ALKϩ cutaneous anaplastic large cell lymphoma revealed no other sites of disease except skin. One of seven (14%) cases of lymphomatoid papulosis was also positive for clusterin; this case was ALKϪ. Very few of these cases had been assessed for MUC1 or BCL-2.
Clusterin immunostaining was uncommon in other types of lymphoid neoplasms, and when present was usually detected in a small percentage (5-10%) of neoplastic cells. Clusterin was positive in 5 of 43 (12%) diffuse large B-cell lymphomas. Four clusterin-positive diffuse large B-cell lymphomas had anaplastic cytologic features and four of five were diffusely positive for CD30. One clusterinpositive anaplastic diffuse large B-cell lymphoma that extensively involved lymph node sinuses was CD30Ϫ.
Other lymphoma types rarely positive for clusterin included 1 of 14 (7%) cases of peripheral T-cell lymphoma, 1 case of mycosis fungoides in large cell transformation, and 1 of 32 (3%) cases of nodular sclerosis Hodgkin's disease. The clusterin-positive case of peripheral T-cell lymphoma had a subset of cells that were positive for CD30, but this case lacked histologic features of anaplastic large cell lymphoma or any other unique histologic features and many neoplastic cells were CD30Ϫ. The clusterin-positive case of mycosis fungoides in large cell transformation arose in a patient with a long history of small cell mycosis fungoides. The tumor was diffusely CD30ϩ and ALKϪ. The single case of clusterin-positive nodular sclerosis Hodgkin's disease was grade 2. The neoplastic cells in this case were positive for CD15 and CD30 and negative for CD3 and CD20. Long-range polymerase chain reaction analysis of frozen tissue of this case showed no evidence of the t(2;5)(p23;q35).
Clusterin also stained follicular dendritic cells, with a coarse cytoplasmic pattern. In one case of diffuse large B-cell lymphoma and one case of nodular sclerosis Hodgkin's disease, clusterin immunostaining surrounding neoplastic cells was abundant and resembled a membranous pattern. We interpreted this pattern as clusterin-positive dendritic cells surrounding neoplastic cells. In these cases no cytoplasmic expression was observed and thus we considered these two cases negative. However, we cannot completely exclude membranous staining in these two neoplasms.
Clusterin was negative in all other tumors assessed including 133 cases of non-Hodgkin's lymphoma and 42 cases of Hodgkin's disease (Table 1) . Thirty-eight (88%) diffuse large B-cell lymphomas were negative. Four of these cases had anaplastic cytologic features and 11 of 13 cases assessed for CD30 were positive: 4 diffusely (3 anaplastic) and 8 focally (1 anaplastic). Twenty-four follicular lymphomas were assessed including five grade 1, eight grade 2, and 11 grade 3; eight had diffuse areas (six were grade 3). The 13 negative cases of peripheral T-cell lymphoma included 11 neoplasms not further specified and 2 neoplasms with features of angioimmunoblastic T-cell lymphoma. The 13 mantle cell lymphomas assessed included neoplasms with predominantly mantle zone (n ϭ 1), nodular (n ϭ 3), and diffuse (n ϭ 9) patterns. One mantle cell lymphoma had blastoid cytologic features. The 12 marginal zone B-cell lymphomas analyzed included seven of extranodal mucosaassociated lymphoid tissue (MALT)-type, three of nodal-type (monocytoid B-cell lymphoma), and two of splenic-type. The 10 precursor lymphoblastic leukemia/lymphoma cases studied included seven B-cell and three T-cell. The precursor B-cell lymphoblastic leukemia/lymphoma cases were derived from a clinicopathologic study published previously (20) . The 42 clusterin-negative cases of Hodgkin's disease included 28 nodular sclerosis, 8 mixed cellularity, and 3 nodular lymphocyte predominant. These nodular sclerosis cases were graded using the system of MacLennan and colleagues (21) 
DISCUSSION
We surveyed 266 malignant lymphomas of various types for clusterin expression. In agreement with Wellmann and colleagues (16), we observed that clusterin is expressed by most cases of systemic anaplastic large cell lymphoma. In this study we also extended earlier observations by assessing clusterin expression in a large number of cases of cutaneous anaplastic large cell lymphoma and in diffuse large B-cell lymphomas with anaplastic cytologic features.
Forty of 49 (82%) cases of systemic anaplastic large cell lymphoma were positive for clusterin. This frequency of clusterin immunostaining in systemic anaplastic large cell lymphoma, 82%, is lower than that reported by Wellmann and colleagues (16) who detected clusterin in all 36 cases (100%) they assessed. The explanation for this discrepancy is uncertain, but one possibility may be the heterogeneous fixation and processing of the tissues in this study, as many of the cases we assessed were processed elsewhere initially and subsequently referred to our hospital for review. Clusterin expression correlated with MUC1 positivity, but not with ALK or BCL-2. The correlation of clusterin with MUC1 has not been reported previously. Others, in abstract form, have suggested that clusterin expression in anaplastic large cell lymphoma correlates with ALK positivity (22) . Although ALKϩ neoplasms were also more commonly clusterin-positive in this study, 94% versus 71% for ALKϪ neoplasms, this difference was not statistically significant.
The results of Wellmann and colleagues (16) also suggested that clusterin expression is unique to systemic anaplastic large cell lymphoma as all nine cases of cutaneous anaplastic large cell lymphoma they assessed were negative. This is not our experience as we observed clusterin expression in 12 of 29 (41%) cases of cutaneous anaplastic large cell lymphoma, although these cases had a generally lower number of positive cells than cases of systemic anaplastic large cell lymphoma. One case was ALKϩ. Although this patient had no clinical or radiological evidence of disease elsewhere, we cannot completely exclude the possibility that this patient had systemic anaplastic large cell lymphoma involving skin. Nevertheless, 11 of 28 (39%) cases of ALKϪ cutaneous anaplastic large cell lymphoma in this study were clusterin-positive. We also detected clusterin immunostaining in 1 of 7 (14%) cases of lymphomatoid papulosis, a disorder closely related to cutaneous anaplastic large cell lymphoma (17) .
Recently, in abstract form, Lae and colleagues (23) also reported clusterin expression in 5 of 9 (56%) cases of primary cutaneous anaplastic large cell lymphoma.
Clusterin was also expressed in 5 of 43 (12%) diffuse large B-cell lymphomas. Four (80%) of these cases had anaplastic cytologic features. In contrast, anaplastic cytologic features were present in 4 of 38 (11%) clusterin-negative diffuse large B-cell lymphoma (P ϭ .005; Fisher's exact test). These findings raise the possibility that clusterin expression is associated with anaplastic cytologic features irrespective of lineage or disease-specific mechanisms. However, clusterin expression in diffuse large B-cell lymphomas was generally less intense and in fewer cells than was observed in systemic anaplastic large cell lymphoma.
Anaplastic large cell lymphoma, as defined in the World Health Organization (24) , exhibits a wide spectrum of histologic findings that can be subdivided into morphologic variants that histologically overlap with classical Hodgkin's disease and other types of non-Hodgkin's lymphoma (25) (26) (27) . For these cases, immunohistochemical studies are extremely valuable in distinguishing anaplastic large cell lymphoma from its morphologic mimics. Although many antibodies have been used to distinguish anaplastic large cell lymphoma from Hodgkin's disease, the most important include those specific for T-and B-cell antigens, CD15, CD30, CD45RB (LCA), and MUC1 (EMA) (24, 25, 28) . The classical immunophenotype of T-cell anaplastic large cell lymphoma is CD15Ϫ, CD30ϩ, CD45RBϩ, ALKϩ, MUC1ϩ, T-cell antigens positive, and B-cell antigens negative. This immunophenotype contrasts with that of classical Hodgkin's disease in which the Reed-Sternberg and Hodgkin cells are CD15ϩ, CD30ϩ, CD45RBϪ, ALKϪ, MUC1Ϫ, T-cell antigens negative, and B-cell antigens variably positive. Thus, in typical cases the results of immunohistochemical studies can distinguish anaplastic large cell lymphoma from Hodgkin's disease. However, anaplastic large cell lymphomas commonly vary from their typical immunophenotype. For example, leukocyte common antigen (CD45RB) is negative in up to 30 -40% of cases of anaplastic large cell lymphoma (25) . Pan-T-cell antigens, such as CD3 and CD5, are also commonly negative in T-cell anaplastic large cell lymphoma and, by definition, are absent in nullcell anaplastic large cell lymphoma. ALK is positive in only a subset of anaplastic large cell lymphomas (21, 24) . Thus, cases of anaplastic large cell lymphoma exist in which immunohistochemical results are similar to classical Hodgkin's disease, and an additional immunohistochemical marker would be of value in the differential diagnosis of these neoplasms. The results of this study support those reported previously by Wellmann and colleagues (16) and suggest that clusterin may be a valuable addition to antibody panels designed to distinguish anaplastic large cell lymphoma from Hodgkin's disease.
In summary, in this study clusterin was positive in approximately 80% of systemic anaplastic large cell lymphomas. However, clusterin was also expressed in approximately 40% of cutaneous anaplastic large cell lymphomas, 10% of diffuse large B-cell lymphomas and was observed in rare cases of peripheral T-cell lymphoma and nodular sclerosis Hodgkin's disease.
